Background: Velopharyngeal dysfunction has been treated with either a pharyngeal flap or sphincteroplasty with varying degrees of success. Both of these entities have their own series of problems, with sleep apnea and nasal mucous flow disruptions at the forefront. The purpose of this study was to review the senior author's (R.J.M.) experience performing the double-opposing buccal flap for palatal lengthening. 
V
elopharyngeal dysfunction is defined as failure of the sphincteric mechanism leading to the inability of the nasopharynx to effectively separate sounds between the nasal and oral cavities. This results in altered speech patterns (e.g., hypernasality, increased nasal emission, weak consonant production) that lead to decreased intelligibility. Amelioration of the hypernasality can occur following formal palatoplasty, although 10 to 20 percent of patients continue to have residual hypernasality. 1 The cause of velopharyngeal dysfunction varies widely and includes structural, neurologic, and mechanical causes (e.g., enlarged tonsils). Treatment options depend on whether the underlying issue is pharyngeal dysfunction or velar deficiency. Both nonsurgical and surgical treatment options exist. In addition, injection or implantation of material into the pharynx has been described. [2] [3] [4] [5] [6] [7] [8] Nonsurgical treatment options include intraoral obturators and speech therapy. Surgical treatment generally involves either a posterior pharyngeal flap or sphincter pharyngoplasty. 9 -12 Pharyngeal flaps traditionally involve elevation of a posterior pharyngeal flap and suturing the flap to the posterior soft palate, creating a static narrowing that, combined with adequate lateral pharyngeal wall movement, improves hypernasal speech. Sphincter pharyngoplasty involves creation of a dynamic sphincter with the goal of providing closure of the nasopharynx. Although both surgical procedures have roles in improving hypernasal speech, both are associated with significant complications (e.g., obstructive sleep apnea, snoring, mouth breathing, hyponasal speech, death). [13] [14] [15] The buccal flap has several uses in craniofacial surgery, with indications ranging from closure of a palatal fistula to primary or secondary cleft palate repair in the wide palate. It has the benefits of minimal donor-site morbidity and is easily harvested. With these benefits in mind, the buccal flap serves as a means of palatal length augmentation, potentially providing a more anatomical palatal reconstruction. This study reviews the senior author's (R.J.M.) experience performing bilateral double-opposing buccal flaps for palatal lengthening.
PATIENTS AND METHODS
A retrospective cohort of all bilateral doubleopposing buccal flaps performed by the senior author for palatal lengthening from October of 1994 through July of 2007 was reviewed. The mean follow-up was 58 months. All patients received preoperative and postoperative speech evaluations performed by a certified speech language pathologist. Nasality was graded on a scale ranging from 0 (no hypernasality) to 3 (severe hypernasality). Intelligibility was based on the percentage of words understood by the speech pathologist when the patient was asked to read from a particular passage (0 to 100 percent). Additional outcomes recorded included baseline patient demographics, cause of velopharyngeal insufficiency, time from initial surgery until pedicle division, and complications.
Preoperative indications for the double-opposing buccal flap procedure included patients who showed evidence of velopharyngeal dysfunction with good velar movement, small posterior velar gap (Ͻ5 mm), and competent neurologic function of the muscle. Patients with wide velar gaps were not considered to be candidates for this procedure.
Surgical Technique
The operative technique was similar to that described by Hill et al. 16 Patients were positioned in the standard palatoplasty position. A Dingman mouth gag is used to aid in surgical exposure. The palate and buccal mucosal is infiltrated with 0.25% lidocaine with epinephrine 1:400,000. The initial incision is oriented transversely across the soft palate approximately 2.5 mm posterior to the hardpalate/soft-palate junction. (Fig. 1 , above, left). The abnormal muscle attachments are then released from their attachment to the posterior hard palate. In addition, all abnormal scar tissue is removed from the posterior hard palate. Once completely released from the hard palate, the soft palate moves posteriorly ( Fig. 1, above, 
right).
Buccal flaps are then outlined with their base at the retromolar trigone ( Fig. 1, above, left) . The base width of the buccal flaps is 17 to 18 mm. The flap design narrows anteriorly as it approaches the commissure. Special attention should be given during flap design to place the pedicle in the retromolar trigone to avoid potential biting on the pedicle. The flap is then elevated from the commissure to the retromolar trigone. Approximately 90 percent of the thickness of the buccinator muscle is included, leaving the anterior 10 percent of the muscle and facial artery undisturbed. Unlike the axial patterned facial artery musculomucosal flap, this flap is designed randomly (Fig. 1, center, left) .
One flap is then interposed in the opening between the hard and soft palates to close the nasal side. The other flap is interposed in a similar fashion, and the undersurface is tacked to the nasal flap, essentially closing the oral side (Fig. 1,  center, right) . In addition to decreasing the dead space, the tacking sutures also prevent tubing of the flaps. The typical amount of soft-palate lengthening is depicted in Figure 1 , below. The donor site is then closed meticulously in layers with absorbable sutures, with the exception of the base of the flap, which remains pedicled adjacent to the retromolar trigone with a width of 17 to 18 mm. The buccal flap pedicles are subsequently divided at a later date. In addition, the small palatal fistula created at the base of the flap is closed at the time of division (Figs. 2 and 3 ).
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Summary statistics were calculated for the data. Intelligibility and nasality were compared using the paired t test and the Wilcoxon signed rank test, respectively. Significance was assessed at p Ͻ 0.05.
RESULTS
A total of 27 patients were enrolled in the study [17 male (63 percent) and 10 female (37 percent)]. The mean age at the time of surgery was 10.3 years (range, 4 to 48 years). Six patients (22.2 percent) were syndromic. The most common causes for velopharyngeal dysfunction were cleft palate, followed by primary velopharyngeal dysfunction (Table 1) . One patient did develop velopharyngeal dysfunction secondary to a trauma-related incident.
The average time to division of the buccal flap pedicles was 17 months. There were no instances of pedicle damage secondary to mastication in this Volume 127, Number 6 • The Double-Opposing Buccal Flap series. Preoperative videofluoroscopy was obtained in 22 patients. The average gap size on basal and lateral views was 6.9 mm (range, 1 to 15 mm) and 3.9 mm (range, 2 to 12 mm), respectively. The frontal view was expressed as a percentage of normal lateral wall motion, with an average of 72 percent (range, 0 to 100 percent). Closure shape is depicted in Table 2 . As shown in Figure 4 , postoperative speech showed a median improvement of nasality from 2.3 (moderate nasality; range, 1 to 3) to 0.3 (no nasality; range, 0 to 2) (p Ͻ 0.0001). Average intelligibility improved from 65.4 Ϯ 28.0 percent to 95.5 Ϯ 10.1 percent (mean Ϯ SD) (p Ͻ 0.0001). Three patients were lost to follow-up. Two of these patients failed to present for postoperative speech evaluations. Phone interviews were subsequently conducted. The parents stated having no issues with speech. However, for the purpose of this study, these patients were reported as being lost to follow-up.
Two patients (7 percent) developed necrosis of the most distal portion of the buccal flap, which did not affect their eventual outcome. These episodes of necrosis occurred early in the senior author's experience, when the buccinator muscle was not included with the buccal flap. Since inclusion of a portion of the buccinator muscle with the buccal flap, there have been no episodes of flap necrosis. Another patient experienced a superficial dehiscence of the buccal flap, which subsequently healed by means of secondary intention. There were no donor-site complications. One patient went on to require a pharyngeal flap because of persistent velopharyngeal dysfunction. No patients experienced airway obstruction in the postoperative period, and no patients experienced obstructive sleep apnea.
DISCUSSION
Surgical treatment of velopharyngeal dysfunction is a balance between providing adequate nar- Plastic and Reconstructive Surgery • June 2011 rowing of the nasopharynx and avoiding overnarrowing, thus increasing the potential for obstructive sleep apnea and hyponasal speech. For patients with large posterior pharyngeal openings, pharyngeal flaps and sphincter pharyngoplasties are adequate treatment strategies where the risk of postoperative complications is mitigated by the need for adequate nasopharyngeal closure. However, when a small amount of posterior soft-palate movement is necessary, procedures with less postoperative risk such as the Furlow pushback palatoplasty or double-opposing buccal flaps may provide a better treatment modality. Furthermore, these modalities provide a more anatomical reconstruction of the soft palate compared with either a pharyngoplasty or a pharyngeal flap. Despite the ability to lengthen the palate with the use of a Furlow palatoplasty, patients with velopharyngeal dysfunction have often undergone previous cleft palate repair, which adds to the technical difficulty of the procedure. For this reason, the double-opposing buccal flap procedure provides a safe and technically simple operation, serving as an additional tool available to the surgeon for the treatment of velopharyngeal dysfunction. Preoperative assessment of velar musculature is essential given that adequate muscular function is necessary for nasopharyngeal closure with this type of repair.
The double-opposing buccal flap procedure is a safe operation. In our series, there were no instances of postoperative respiratory difficulties or sleep apnea. Early in the experience of the senior surgeon, two patients developed necrosis of the distal portion of the buccal flap. However, since the technique was modified by inclusion of the buccinator muscle with buccal flap elevation, no further cases of flap necrosis have occurred. In addition, we experienced no donor-site complications.
Patients in our series had significant improvement in nasality scores to near normal levels postoperatively. Intelligibility also showed a significant improvement postoperatively. One patient did require a posterior pharyngeal flap for further improvement in hypernasality. It was noted that the size and complexity of the required pharyngeal flap were significantly reduced, potentially decreasing the postoperative morbidity associated with this procedure.
Our technique is similar to the buccinator sandwich pushback method of Hill et al. published in 2004. 16 During that same year, the senior author presented his initial experience with 12 patients at the 2004 Michigan Academy of Plastic Surgeons meeting. The current findings expound on these initial data by including patients with primary velopharyngeal dysfunction, in addition to patients with a cleft palate. Furthermore, the average length of follow-up for our series is over 4 years, providing support for the durability of speech improvement with this procedure.
CONCLUSIONS
The double-opposing buccal flap procedure is a safe and effective technique that can be used to improve speech in patients with velopharyngeal dysfunction. Optimal outcomes are achieved in patients with small posterior pharyngeal openings and good velar musculature. Furthermore, it may serve as an- Volume 127, Number 6 • The Double-Opposing Buccal Flap
